Abstract. 2014 Normal and oblique incidence reflectances of GaTe have been measured in the 2.5 to 26 eV range using polarized synchrotron radiation. We have deduced 3 complex refractive indices, relative to 3 different crystallographic directions by means of a new method consistent with the Kramers-Kronig relations. We have verified that the electronic transitions in the 20 eV region, from the 3d Ga levels, are strongly localized near gallium atoms.
Optically flat and clean surfaces cannot be obtained with layered crystals except for the cleavage plane. The determination of the complex refractive index tensor requires measurements of reflectance at normal and oblique incidence on the cleaved surface. For oblique reflectance measurements with lineary polarized beams, four configurations can be distinguished, depending on the relative position of the electric vector, the incidence plane and the crystal. Configurations for RE I I a R£ jj y E-La and RE lb are shown schematically in figure 1 , s or p indicate that the electric vector E is normal to, or in, the incidence plane ; a A classical method [1, 2] for deducing the ordinary and extraordinary refractive indices of a uniaxial layered material from experimental reflectances is to adjust the four independent parameters (no, ko, ne, ke) in order to find the best possible fit with the experimental R(O) curves. This method has been applied in the VUV range [2] We have shown [4] On the other hand, in the range where the optical anisotropy is small, the index ellipsoid is not far from a sphere (right side of Fig. 2 ). There also an orthorhombic ellipsoid provides a valuable approximation. We have then chosen to treat our data with orthorhombic reflectance formulae, because they are the most complete general expressions usable for our four configurations and because they probably give a good approximation of the true expressions.
The expressions for reflectance from the xy plane of an orthorhombic material with principal axes xyz are formally the same for (010) and (100) as a plane of incidence and can be derived from reference [6] and its derivatives in the vectorial space of the 7 parameters. Actually, it appears easier to work with the refractive indexes 1V = è1/2 in the calculated R j (nX' kX' nY' kY' nv kz, P). However the relative variations of R in a spectrum are measured much more accurately.
The angular aperture of the incident beam was 0.50 but as the surface of the sample was not perfectly flat we have considered an uncertainty of ± 10 for the angle of incidence. The (s) and (p) configurations were obtained by rotating the entire experimental chamber around the beam axis. As GaTe had proved to be very sensitive to air exposure [9] the samples were cleaved in vacuum just before the experiments.
Previous measurements are reported on figure 4 . The curve from reference [10] represents the data obtained with unpolarized beam on a much smaller GaTe crystal. The better optical quality of our present sample explains the differences in the measured reflectances. The spectrum of reference [11] It can be concluded that, for biaxial GaTe, the layered structure is not determinant for the optical properties. In this case the approximations in reflectance expressions (the neglect of the Exz term) appear less justified and a more complete experiment and data reduction would be interesting.
The electronic structure of GaTe seems poorly understood compared to those of GaSe and GaS. This arises probably from the more complicated crystal structure of GaTe and the necessity of treating it relativistically which have prevented the development of band structure calculations. On the other hand, the few photoemission spectra available for GaTe [13, 14] have not given a coherent view of the structure of the valence band. Under these conditions it seems difficult to discuss the origin of the different structures observed in our reflectance curves.
Because of its special atomic arrangement, GaTe gives however an unique tool for testing the effects of atomic orientation on the optical properties. Let us first describe the atomic structure of this compound as it appears in reference [5] .
A section of the crystal perpendicular to the b axis is reported in the upper figure 9 . The unit cell represented in the figure extends in one layer and, according to the symmetry of the crystal, includes 3 different gallium atoms and 3 different tellurium atoms, noted Ga 1, 2, 3 and Te 1, 2, 3 respectively. It can be noted that each gallium atom is bounded to 3 tellurium atoms and to another gallium atom in nearly tetrahedral directions. On the other hand the tellurium atoms appear in nearly equivalent positions, with the Ga-Te bondings in tetrahedral directions, the fourth direction being unoccupied. In conclusion, each atom seems to have a ternary symmetric neighbourhood with the axis of symmetry along the x direction for Ga 1 and along the z direction for all others.
In the case of optical transitions with pure atomic character, the selection rules depend on the orientation of the electric field E relative to the axis of symmetry of the electronic structure. If we note xl and x II the response of one atom to excitation with E normal or parallel to the axis of symmetry of the structure, the resultant response of the medium will be :
It is worth noting that these relations are only approximate because the electronic structure of each atom has not exactly a 3 fold symmetry around the x or z axis, but only a mirror plane parallel to xy, like the crystal.
Let us now try to apply these considerations to the optical properties of GaTe. We will focus our discussion on the reflectance spectrum in the low energy range (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) 
